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ABSTRACT 

If a i r  ( o r  e n r i c h e d  a i r )  i s  used t o  p r e s s u r i z e  t h e  
Apol lo  CM on t h e  pad,  t h e  ambient a tmosphere  must be  r e p l a c e d  
o r  e n r i c h e d  t o  a p h y s i o l o g i c a l l y  safe l e v e l  b e f o r e  t h e  crew 
can  remove t h e i r  s u i t s .  For  a s e l e c t i o n  of  i n i t i a l  c o n d i t i o n s  
which i s  though t  t o  r e a s o n a b l y  b r a c k e t  t h e  p o s s i b l e  a l t e r -  
n a t i v e s ,  t h i s  memorandum 

1. d e t e r m i n e s  t h e  t ime-flow r a t e  r e q u i r e m e n t s  
f o r  oxygen enrichment  t o  s a t i s f y  a n  assumed 
s e t  of  crew p h y s i o l o g i c a l  r e q u i r e m e n t s ,  

2. i l l u s t r a t e s  t h e  r e l a t i v e  p e n a l t y  o f  u s i n g  
t h e  v a r i o u s  enrichment  p r o c e d u r e s ,  and 

3 .  compares t h e s e  r e s u l t s  t o  t h e  r e q u i r e m e n t s  
of a proposed  se t  o f  d e s i g n  c r i t e r i a .  

It i s  concluded  f o r  t h e  c a s e s  examined t h a t ,  even  
w i t h  a gene rous  ( i . e .  7 . 4  l b s )  on-board supp ly  of  r e a d i l y  
a v a i l a b l e  g a s e o u s  oxygen,  a c a b i n  a tmosphere  t r a n s i t i o n  t o  
95% oxygen can  o n l y  be a t t a ined  by  v e n t i n g  t h e  c a b i n  t o  
vacuum and r e p r e s s u r i z i n g  w i t h  p u r e  oxygen. O t h e r  p r o c e d u r e s  
r e q u i r e d  as much as t h r e e  o r  f o u r  t imes  t h e  a v a i l a b i e  supp ly  
t o  a t t a i n  t h e  same end p o i n t .  I n  a d d i t i o n .  a l l  of t h e  atmos- 
phere t r a n s i t i o n  p r o c e d u r e s  would compromise t h e  c a p a b i l i t y  
f o r  m a i n t a i n i n g  s u r v i v a l  l e v e l s  o f  a tmosphere  i n  t h e  e v e n t  
o f  a mic romete ro id  p u n c t u r e  f o r  v a r y i n g  p e r i o d s  o f  t i m e .  
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DATE: August 15 ,  1967 SUBJECT: Oxygen Enrichment  o f  t h e  CM 
Atmosphere from On-board S u p p l i e s  
Case 330 FROM: L .  G .  Mil le r  

MEMORANDUM FOR F I L E  

T h i s  memorandum examines t h e  p o s t u r e  r e s u l t i n g  from 
a manned Apo l lo  l aunch  w i t h  a i r  ( o r  e n r i c h e d  a i r )  i n  t h e  CM 
c a b i n .  If a i r  i s  used t o  p r e s s u r i z e  t h e  s p a c e c r a f t  on t h e  
pad ,  t h e  ambient  a tmosphere  must be r e p l a c e d  o r  e n r i c h e d  t o  a 
p h y s i o l o g i c a l l y  safe l e v e l  b e f o r e  t h e  crew can  remove t h e i r  
s u i t s .  F o r  a s e l e c t i o n  o f  i n i t i a l  c o n d i t i o n s  and en r i chmen t  
p r o c e d u r e s ,  t h i s  memorandum 

1. d e t e r m i n e s  t h e  t ime-flow r a t e  r e q u i r e m e n t s  f o r  
oxygen enr ichment  t o  s a t i s f y  a n  assumed s e t  o f  
crew p h y s i o l o g i c a l  r e q u i r e m e n t s ,  

2 .  i l l u s t r a t e s  t h e  r e l a t i v e  p e n a l t y  o f  u s i n g  t h e  
v a r i o u s  enr ichment  p r o c e d u r e s ,  and 

3 ,  cornpa-res t hese  res1j.lt.s t o  t h e  r e q u i r e m e n t s  nf  
a proposed  se t  of  d e s i g n  c r i t e r i a .  

R e s u l t s  of t h e  s t u d y  a re  i n t e r p r e t e d  i n  l i g h t  o f  p h y s i o l o g i c a l  
r e q u i r e m e n t s  f r p a r t i a l  p r e s s u r e  of  oxygen as r e l a t ed  t o  
c a b i n  p re s su re - .  9 

The f o l l o w i n g  C S M  gnv i ronmen ta l  C o n t r o l  Sys t em 
d e s i g n  c r i t e r i a  are proposed-: 

1. I f  a i r  i s  used  as t h e  CSM p r e s s u r a n t  d u r i n g  
countdown and a s c e n t  t o  o r b i t ,  t h e  s y s t e m  
s h a l l  d e m o n s t r a t e  t h e  c a p a b i l i t y  o f  s u p p o r t i n g  
crew p h y s i o l o g i c a l  r e q u i r e m e n t s  o f  r e s p i r a t i o n  
and p r e s s u r e  i n  t h e  e v e n t  o f  a s u i t - l o o p  
f a i l u r e .  

1 - P h y s i o l o g i c a l  C o n s t r a i n t s  f o r  Air-on-the Pad,  Case 330, 
by T .  A .  Bot tomley ,  Jr. d a t e d  August 31, 1967.  

2 -Func t iona l  Requirements  and T i m e  Line.  C o n s t r a i n t s  f o r  
Cabin Atmosphere E v a l u a t i o n ,  Apo l lo  S a t u r n  V ,  Case 330, by 
R .  D .  Raymond da ted  August 31, 1 9 6 7 .  
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2 .  I f  a i r  i s  used as t h e  CSM p r e s s u r a n t  d u r i n g  
countdown, t h e  s y s t e m  s h a l l  be c a p a b l e  o f  
exchanging  t h e  i n i t i a l  CSM a tmosphere  f o r  
p u r e  oxygen as soon as p r a c t i c a b l e  a f t e r  
r e a c h i n g  i n i t i a l  f l i g h t  p r e s s u r e  and p r i o r  
t o  i n i t i a l  d o f f i n g  of s u i t s .  

3. The c a p a b i l i t y  f o r  m a i n t a i n i n g  s u r v i v a l  l e v e l s  
o f  a tmosphere  i n  t h e  e v e n t  o f  mic romete ro id  
p u n c t u r e  s h a l l  be r e t a i n e d  th roughou t  t h e  
m i  s s i o n .  

-_ 'rne r e f e r e n c e  01' r o o t n o t e  2 d e s c r i b e s  t h e  CM p r e s s u r e  h i s t o r y  
f o r  a nominal  a s c e n t  t o  p a r k i n g  o r b i t  which has been used  as 
a basis f o r  t h e  p r e s e n t  s t u d y .  It p r e s e n t s  a number o f  
a l t e r n a t i v e s  f o r  a tmosphere  c o n t r o l  which are e v a l u a t e d  h e r e i n .  

PROBLEM DEFINITION 

With r e s p e c t  t o  p h y s i o l o g i c a l  c o n s i d e r a t i o n s  and 
min imiz ing  t h e  r equ i r emen t  f o r  on-board oxygen s u p p l i e s ,  i t  i s  
des i rab le  t h a t  p u r e  oxygen b e  used f o r  a CM c a b i n  a tmosphere  
f o l l o w i n g  s p a c e c r a f t  c l o s e o u t .  T h i s  assumes t h e  e x i s t e n c e  of  
s a t i s f a c t o r y  p r o v i s i o n s  f o r  f i r e  p r e v e n t i o n  and e x t i n g u i s h m e n t .  
However, if such  p r o v i s i o n s  are  n o t  s a t i s f a c t o r y ,  i t  i s  con- 
c e i v a b l e  t h a t  a i r  or a i r  e n r i c h e d  w i t h  oxygen may be  s p e c i f i e d  
f o r  u s e  i n  t h e  CM d u r i n g  launch-pad o p e r a t i o n s .  The problem 
then  becomes one of  d e t e r m i n i n g  how and when t o  a t t a i n  t h e  
d e s i r e d  s p a c e c r a f t  a tmosphere f o r  subsequen t  m i s s i o n  p h a s e s  
a t  t h e  l e a s t  c o s t .  

There are a number o f  c o n s t r a i n t s  on any s o l u t i o n  
t o  t h i s  problem. For  example, one c e r t a i n l y  wants  t o  minimize  
t h e  r i s k  of decompress ion  s i c k n e s s  o r  hypoxia .  One would a l s o  
want t o  minimize t h e  f i r e  hazard  o r  a t  l e a s t  p r o v i d e  a n  
atmosphere which i s  no more haza rdous  t h a n  p u r e  oxygen a t  
5 p s i a .  One might  a l s o  w i s h  t o  s p e c i f y  a lower  bound on t o t a l  
c a b i n  p r e s s u r e  o r  a n  uppe r  bound on t h e  t i m e  o f  a t t a i n m e n t  o f  
2. safe oxygen a tmosphere  i n  t h e  CM c a b i n .  The d e s i g n  c r i t e r i a  
f rom t h e  p r e v i o u s  s e c t i o n  m u s t  a l s o  be c o n s i d e r e d .  

T h i s  memorandum does n o t  a t t e m p t  t o  e s t a b l i s h  t h e  
r e l a t i v e  f i r e  h a z a r d s  o f  t h e  many p o s s i b l e  s o l u t i o n s  n o r  does  
i t  p u r p o r t  to e s t a b l i s h  p h y s i o l o g i c a l l y  safe  l e v e l s  f o r  t h e  
p a r t i a l  p r e s s u r e  of oxygen. R a t h e r ,  a p a r a m e t r i c  s t u d y  has 
been made u s i n g  v a l u e s  which are  t h o u g h t  t o  r e a s o n a b l y  b r a c k e t  
t h e  p o s s i b l e  a l t e r n a t i v e s .  The i n i t i a l  c o n d i t i o n s  and e n r i c h -  
ment p r o c e d u r e s  which  have been examined a re  l i s t e d  below. 
Let',ers c o r r e s p o n d i n g  t o  s p e c i f i c  c a s e s  are  used  i n  t h e  
i ? . e - $ i f i c a t i o n  of c u r v e s  on f i g u r e s  c o n t a i n e d  h e r e i n .  
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Procedure CM Atmosphere at Launch 

A Air 

B Air 

C Air enriched to 
33% oxygen 

D Air 

E Air enriched to 
30% oxygen 

F Air enriched to 
40% oxygen 

H Air 

I Air 

Enrichment Procedures 

Constant flow rate start- 
ing at lift-off 

Constant flow rate start- 
ing at T greater than or 
equal to 120 seconds 

Constant flow rate start- 
ing at T greater than or 
equal to 120 seconds 

Constant flow rate start- 
ing between T-0 and 
T t 9 5  seconds3 

Constant flow rate start- 
ing between T-0 and 
T t 9 5  seconds1 

Constant flow rate start- 
ing between -0 and 
T+95  seconds- 5 
Constant flow rate start- 
ing at T greater than or 
equal to 120 seconds 

Cycles consisting of 
depressurization to 3 
psia and repressuri- 
zation (with oxygen at 
constant flow rates) to 
5 psia starting at T 
greater than or equal 
to 120 seconds 

One cycle consisting of 
depressurization to 0 
psia and repressurization 
to 5 psia (at constant 
flow rate) starting at 
T greater than o r  equal 
to 120 seconds 

-These 3 special cases were used to define flow rates and 
oxygen requirements for a specific final condition. Details will 
be discussed in a later section of this memorandum. 
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C A L C U L A T I O N S  AND ASSUMPTIONS 

The method o f  c a l c u l a  i o n  f o r  t h i s  s t u d y  borrows 
h e a v i l y  from two p r e v i o u s  worksh ,  5 .  
comple t eness ,  t h e  p e r t i n e n t  a s sumpt ions  a re  l i s t e d  below: 

I n  t h e  i n t e r e s t  of 

1. 

2. 

3 .  

4. 

5 .  

C a l c u l a t i o n s  a r e  based on a Block I1 command 
module w i t h  a f r e e  volume of 306 c u b i c  f e e t .  
Ven t ing  d u r i n g  a s c e n t  i s  assumed t o  take  p l ace  
t h r o u g h  b o t h  s i d e s  o f  t h e  c a b i n  p r e s s u r e  
r e l i e f  v a l v e  co r re spond ing  t o  a t o t a l  geo- 
m e t r i c a l  area o f  3 .53  sq. i n .  The o r i f i c e  

.85,  i s  assumed t o  be a l i n e a r  f u n c t i o n  of  
t h e  p r e s s u r e  ra t io .  

c c e f f i c i e n t  , x h i c h  v a r i e s  betxee:: .63 2::d 

D e p r e s s u r i z a t i o n  and r e p r e s s u r i z a t i o n  are 
assumed t o  t a k e  place i s o t h e r m a l l y  a t  a c a b i n  
t e m p e r a t u r e  of 75°F. It i s  f u r t h e r  assumed 
t h a t  mixing  of  t h e  gases i s  p e r f e c t  and 
i n s t a n t a n e o u s .  D a l t o n ' s  Law i s  used  t o  deve lop  
p a r t i a l  p r e s s u r e s ,  and G i b b ' s  Law i s  used  to 
c a l c u l a t e  t h e  p h y s i c a l  p r o p e r t i e s  of  t h e  
m i x t u r e  o f  gases. 

For purpos  s or? comparison,  it i s  assumed t h a t  

f o r  a tmosphere  enr ichment .  No l i m i t a t i o n s  on 
mass f low r a t e  have been e s t a b l i s h e d .  

7 . 4  pounds- % of gaseous  oxygen w i l l  b e  a v a i l a b l e  

For  t h o s e  c a s e s  r e q u i r i n g  d e p r e s s u r i z a t i o n ,  i t  
i s  assumed t h a t  one s i d e  of t h e  c a b i n  p r e s s u r e  
r e l i e f  v a l v e  i s  used c o r r e s p o n d i n g  t o  a t o t a l  
g e o m e t r i c  a r e a  of  approx ima te ly  1 . 7 6  sq. i n .  

The crew a v a i l a b i l i t y  time c o n s t r a i n t  has n o t  
been c o n s i d e r e d .  That  i s ,  i t  i s  assumed t h a t  
t h e  n e c e s s a r y  o p e r a t i o n s  cou ld  be accompl ished  
w i t h o u t  i n t e r f e r i n g  w i t h  o t h e r  crew tasks .  

4 - "F ina l  Repor t :  Command Module D e p r e s s u r i z a t i o n  Dur ing  
T e r m i n a l  Countdown - Case 330," Memorandum F o r  F i l e ,  by 
L .  G .  Mil ler ,  da t ed  J a n u a r y  20 ,  1967.  

-''A 5 P a r a m e t r i c  S tudy  on t h e  Use o f  D i l u e n t  Gases as a 
Means of E x t i n g u i s h i n g  S p a c e c r a f t  F i r e s  i n  F l i g h t , "  TM 67-2032-1, 
Case 330,  b y  L.  G .  M i l l e r ,  da ted  A p r i l  1 7 ,  1 9 6 7 .  

6 -This number i s  twice the  c a p a c i t y  o f  t h e  o l d  Bk I ECS 
S u r g e  t a n k .  The e f f e c t  o f  Using a smaller  oxygen s u p p l y  w i l l  
b e  ment ioned  i n  a l a t e r  s e c t i o n  of t h i s  memorandum. 
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F o r  t h e  nominal  a s c e n t ,  i t  i s  assumed t h a t  t h e  CM 
p r e s s u r e  r ema ins  a t  i t s  i n i t i a l  l e v e l  u n t i l  t h e  e x t e r n a l  
ambient  p r e s s u r e  co r re sponds  t o  a 6 p s i  d i f f e r e n t i a l .  From 
t h a t  p o i n t ,  t h e  computer has  been  programmed t o  m a i n t a i n  a 
maximum p o s i t i v e  d i f f e r e n t i a l  o f  6 p s i  w i t h  r e s p e c t  t o  ambient  
p r e s s u r e .  When t h e  e x t e r n a l  ambient  p r e s s u r e  r e a c h e s  z e r o ,  
t h e  computer i s  programmed t o  d e c r e a s e  t h e  c a b i n  p r e s s u r e  a t .  
a r a t e  c o r r e s p o n d i n g  t o  normal leakage and m e t a b o l i c  u s e .  ( A  
rough c a l c u l a t i o n  i n d i c a t e s  t h a t  t h i s  bleed-down p r o c e s s  f rom 
6 t o  5 p s i a  may take  on t h e  o r d e r  of  f o u r  h o u r s . )  T h i s  p res -  
s u r e  decay  does  no t  b e g i n  immedia t e ly  when enr ichment  i s  
accompl ished  u s i n g  p rocedures  A t h r o u g h  G .  S i n c e  t h e y  depend 
oii a coiistaiit flow ol” Uxygen t o  a c n i e v e  a tmospnere  t r a n s i t i o n ,  
t h e  c a b i n  p r e s s u r e  r ema ins  a t  a l e v e l  c o r r e s p o n d i n g  t o  t h e  
open ing  p r e s s u r e  of  t h e  c a b i n  p r e s s u r e  r e l i e f  v a l v e  ( 1 . e .  
6 p s i a ) .  R e p r e s s u r i z a t i o n  i s  t o  5 p s i a  f o r  H and  I ,  hence 
l e a k a g e  p l a y s  a n  i n s i g n i f i c a n t  r o l e  i n  t h o s e  c a s e s .  

Ascent c o n d i t i o n s  are  based  on Design Refe rence  
M i s s i o n  I1 A (MSC Repor t  No. PM3/M-171/66 dated  30 Octobe r  
1 9 6 6 ) .  The computer  program u s e s  t h i s  i n f o r m a t i o n  t o  c a l c u -  
l a t e  the  v a l u e  of  oxygen p a r t i a l  p r e s s u r e ,  n i t r o g e n  p a r t i a l  
p r e s s u r e ,  and t o t a l  c a b i n  p r e s s u r e  a t  i n t e r v a l s  o f  one second.  
The v a r i o u s  enr ichment  p r o c e d u r e s  are superimposed on t h i s  
p r o c e s s .  

RESULTS 

With a small amount o f  i n t e r p r e t a t i o n ,  a11 of t h e  
c a s e s  s e t  f o r t h  under  t h e  s e c t i o n  on Problem D e f i n i t i o n  c a n  be 
compared u s i n g  F i g u r e s  1, 2 and 3. F i g u r e  1 i l l u s t r a t e s  t h e  
r e l a t i o n s h i p  between gaseous  oxygen f low r a t e  and t h e  minimum 
t i m e  r e q u i r e d  t o  r e a c h  an  a r b i t r a r y  end p o i n t  (95% oxygen i n  
t h i s  c a s e )  f o r  t h e  c a s e s  i d e n t i f i e d  as A ,  B ,  C, G, H and I. 
For  t h e  same c a s e s ,  F i g u r e  2 i l l u s t r a t e s  t h e  r e l a t i o n s h i p  
be tween oxygen f low r a t e  and t h e  amount of  oxygen r e q u i r e d  t o  
reach  t h e  s e l e c t e d  end p o i n t .  F i g u r e  3 i s  more s p e c i f i c  i n  
t h a t  t h e  end p o i n t  i s  s p e c i f i e d  i n  terms o f  b o t h  t i m e  and  
p e r c e n t a g e  of oxygen. I n  t h i s  c a s e ,  t h e  a b s c i s s a  r e p r e s e n t s  
the t i m e  a f t e r  l a u n c h  at  which oxygen en r i chmen t  commences. 

I n  F i g u r e  1, t h e  cu rves  a re  p l o t t e d  on d i f f e r e n t  a x e s  
p r i m a r i l y  f o r  c l a r i t y .  The shaded p o r t i o n s  on t h e  t o p  two 
s e t s  of a x e s  bound t h e  c a p a b i l i t i e s  of t h e  assumed on-board 
oxygen s t o r e s .  It i s  i m m e d i a t e l y  obv ious  t h a t  none o f  these  
modes a re  c a p a b l e  of a t t a i n i n g  a 95% ox gen  a tmosphere  w i t h i n  
t h e  i n d i c a t e d  t i m e  frame i f  t h e  a v a i l a b  ;Y e supp ly  o f  gaseous  
oxygen i s  l i m i t e d  t o  7.4 pounds.  Matters are  somewhat 
b e t t e r  when, as i n  Procedures  B ,  C and G, enr ichment  s t a r t s  
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ENRICHMENT STARTING AT T - 0  

AVAILABLE FROM 
7.4 LB. SUPPLY 
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a t  T+120 s e c o n d s ,  b u t  F i g u r e  2 shows t h a t  t h e r e  i s  no g r e a t  
improvement i n  t h e  amount of oxygen r e q u i r e d  from on-board 
s u p p l i e s  u n l e s s  one u s e s  t h e  method of  P rocedure  I or a high 
l e v e l  o f  on-pad en r i chmen t .  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t ,  w i t h  t h e  e x c e p t i o n  
of t h e  one-cyc le  d e p r e s s u r i z a t i o n  and r e p r e s s u r i z a t i o n  o f  
P rocedure  I ,  t h e  t imes r e q u i r e d  t o  r e a c h  t h e  end p o i n t  are 
grouped f a i r l y  c l o s e l y  f o r  any g i v e n  f low r a t e .  Thus,  
g e n e r a l l y ,  one does  n o t  have t o  c o n s i d e r  a t ime t r a d e - o f f  
i n  e v a l u a t i n g  t h e  d e s i r a b i l i t y  of  t h e  p r o c e d u r e s  cove red  i n  
t h i s  p a p e r  u n l e s s  low f l o w  ra tes  ( i . e .  l e s s  t h a n  . 0 3  l b . / s e c . )  
a re  used .  

The depressurization/repressurization c a s e s  ( i . e .  
H and I )  are r e p r e s e n t a t i v e  o f  p o p o s a l s  which have been 

f a i r l y  w e l l  removed from pure  oxygen i s  used  as a c a b i n  
atmosphepe a t  l a u n c h ,  t h e  one-cycle  d e p r e s s u r i z a t i o n  o f  
P r o c e d u r e  I i s  b y  fa r  t h e  m o s t  e f f i c i e n t  method o f  p e r f o r m i n g  
t h e  p o s t - l a  nch a tmosphere  t r a n s i t i o n .  I n  l i g h t  o f  p r e s e n t l y  

t o  be t h e  f a s t e s t  means o f  a t t a i n i n g  t h e  f l i g h t  a tmosphere .  
The p r o c e d u r e  u s i n g  m u l t i p l e  c y c l e s  r e s u l t s  i n  a "sawtooth1 '  
p r e s s u r e  p r o f i l e .  It r e q u i r e s  more t h a n  t w i c e  t h e  oxygen 
of Piwcedure I but  does not  r e q u i r e  d e p r e s s u r i z a t i o n  t o  a 
vacuum. For  t h e  c a s e  shown, s i x  c y c l e s  were r e q u i r e d  t o  
r e a c h  t h e  95% end p o i n t .  

s u g g e s t e d  by  a number o f  sources- .  7 

known p lans -  4 f o r  r a p i d  CM r e p r e s s u r i z a t i o n ,  i t  a l s o  a p p e a r s  

Given t h a t  someth ing  

One f e a t u r e  i n  t h e  l a b e l i n g  o f  F i g u r e  1 s h o u l d  be  
n o t e d .  The c a s e s  i d e n t i f i e d  as "Enrichment S t a r t i n g  a t  T+12Ot1 
are  r e fe r r ed  t o  as "enrichment  s t a r t i n g  a t  T greater  t h a n  o r  
e q u a l  t o  1 2 0  seconds"  i n  bo th  t h e  t e x t  and i n  F i g u r e  2. 
The a c t u a l  c a l c u l a t i o n s  f o r  t h o s e  c a s e s  were i n i t i a t e d  a t  
T+120 seconds ,  b u t  t h e  e x t e r n a l  ambient  p r e s s u r e  a t  t h a t  
t i m e  i s  c l o s e  enough t o  z e r o  t o  p e r m i t  t h e  a s sumpt ion  t ha t  
t h e  c a l c u l a t i o n  i s  v a l i d  f o r  a l l  t imes  g rea t e r  t h a n  T+120 
s e c o n d s .  That  i s ,  v e n t i n g  d u r i n g  a s c e n t  i s  e s s e n t i a l l y  
c p m p l e t e ,  and t h e  c h a r a c t e r  of t h e  f low i s  d e t e r m i n e d  by 

-NASA 7 Apo l lo  Program Working P a p e r  No. 1251-A, O&E 
Addendum A ,  M S C ,  Houston, Texas,  A p r i l  5 ,  1967,  and p r i v a t e  
d i s c u s s i o n s  w i t h  A .  R .  Nagy o f  t h e  Aerospace C o r p o r a t i o n ,  
E l  Segundo, C a l i f o r n i a .  

-A 8 r e p r e s s u r i z a t i o n  p r o f i l e  which would y i e l d  3 p s i a  i n  
one minu te  and 5 p s i a  i n  about  30 minu tes  i s  b e i n g  implemented 
( C C A  1315 t o  N A A )  . 
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t h e  p r e s s u r e  r a t i o - .  9 S ince  t h e  p r e s s u r e  r a t i o  w i l l  a l w a y s  be 
l e s s  t h a n  t h e  c r i t i c a l  p r e s s u r e  r a t i o  a f t e r  1 2 0  s e c o n d s ,  t h e  
v e l o c i t y  o f  t h e  f l u i d  through t h e  c a b i n  p r e s s u r e  r e l i e f  v a l v e  
w i l l  b e  s o n i c ,  and t h e  mass f low w i l l  depend o n l y  upon t h e  
p a r a m e t e r s  of  t h e  f l u i d  and o f  t h e  r e s e r v o i r  ( i . e .  t h e  c a b i n ) .  
Thus,  t h e  p r o c e s s  becomes p r e d i c t a b l e ,  and one can  " s l ide"  
t h e  c u r v e s  forward  i n  t ime w i t h  l i t t l e  l o s s  o f  a c c u r a c y .  

The r e l a t i v e  advantage  o f  t h e  v a r i o u s  p r o c e d u r e s  
w i t h  r e s p e c t  t o  gaseous  oxygen r e q u i r e m e n t s  i s  c l e a r l y  i l l u s -  
t r a t e d  i n  F i g u r e  2 .  With t h e  e x c e p t i o n  o f  t h e  case where 
en r i chmen t  s t a r t s  a t  T-0, t h e  data shows a n  a lmos t  n e g l i g i b l e  
dependence on f low r a t e .  The v a r i a t i o n  i n  t o t a l  gaseous  
oxygen r e q u i r e m e n t s  f o r  t h e  d i f f e r e n t  p r o c e d u r e s ,  however,  
i s  q u i t e  s t r i k i n g .  If r e a d i l y  a v a i l a b l e  on-board s t o r e s  are  
l i m i t e d  t o  7 . 4  pounds,  one canno t  a t t a i n  a 95% oxygen atmos- 
phere i n  t h e  CM c a b i n  ( f o r  t h e  c a s e s  cove red  h e r e i n )  w i t h o u t  
d rawing  on t h e  normal  CM oxygen s u p p l y .  The c a s e  i s  t h a t  
much s t r o n g e r  when on-board s t o r e s  are smaller t h a n  t h e  
assumed v a l u e .  I f  t h i s  t o t a l  oxygen f low r a t e  from t h e  SM 
i s  l i m i t e d  t o  approx ima te ly  8.2 l b s / h r . ,  one can  g a i n  some 
idea o f  t h e  t i m i n g  a s s o c i a t e d  w l t h  t h e  v a r i o u s  p r o c e d u r e s .  

Take,  as a n  example, t h e  c a s e  o f  oxygen en r i chmen t  
a t  a c o n s t a n t  r a t e  s t a r t i n g  a t  some T g rea te r  t h a n  1 2 0  s e c o n d s  
w i t h  a i r  i n i t i a l l y  i n  t h e  CM c a b i n  ( i . e .  Erocedure  B ) .  
F i g u r e  2 i n d i c a t e s  t h a t  approx ima te ly  27.5 pounds o f  g a s e o u s  
oxygen are r e q u i r e d  t o  r e a c h  t h e  95% O2 l e v e l .  Once t h e  on- 
b o a r d  s t o r e s  were u s e d ,  approx ima te ly  20 pounds of  gaseous  
oxygen would b e  r e q u i r e d  from t h e  SM s u p p l i e s .  T h i s  would 
take  on t h e  o r d e r  of  two hour s .  A s  a mat te r  of i n t e r e s t ,  
a n o t h e r  rough c a l c u l a t i o n  i n d i c a t e s  t h a t  t h i s  t o t a l  SM f l o w  
r a t e  would have  t o  b e  ma in ta ined  f o r  a n  a d d i t i o n a l  4-5 h o u r s  
b e f o r e  one r e a c h e d  a CM oxygen l e v e l  o f  9 9 . 9 % .  

Having g a i n e d  some i n s i g h t  i n t o  t h e  b e h a v i o r  of  
these  en r i chmen t  p r o c e d u r e s ,  a more d e f i n i t i v e  problem was 
t a k e n  on.  Based on t h e  r e f e r e n c e  of  f o o t n o t e  1, one c a n  
work w i t h  t h e  a s sumpt ion  t h a t  t h e  CM c a b i n  s h o u l d  c o n t a i n  
a p p r o x i m a t e l y  6 3 %  oxygen ( a t  6 p s i a )  t o  a s s u r e  a c c e p t a b l e  
pe r fo rmance  from p e r s o n n e l  exposed  t o  t h e  c a b i n  envi ronment .  
From t h e  r e f e r e n c e  of  f o o t n o t e  1, it  i s  n o t e d  t h a t  Mode 1.4 
a n d  1 5  a b o r t s  a re  no t  a tmosphere c r i t i c a l .  
which i s  p o s s i b l e  between T+90 and  T+185 seconds ,  i s  atmos- 
p h e r e - c r i t i c a l  a f t e r  Tt120 s e c o n d s .  On t h i s  bas i s ,  a 
number o f  en r i chmen t  p r o c e d u r e s  were per formed which would 
y i e l d  t h e  6 3 %  oxygen c o n t e n t  a t  T+120 s e c o n d s .  The r e s u l t s  
a re  shown i n  F i g u r e  3 .  

The Mode I C  a b o r t ,  

-c.f. 9 Appendix A of t h e  r e f e r e n c e  o f  f o o t n o t e  4 .  P r e s s u r e  
r a t i o  i s  d e f i n e d  as Po/€' where  P i s  t h e  c a b i n  p r e s s u r e  and 
Po i s  t h e  p r e s s u r e  o u t s i d e  o f  t h e  s p a c e c r a f t .  
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For  t h r e e  c a s e s ,  which are though t  t o  r e p r e s e n t  a 
r e a s o n a b l e  spread of  on-pad enr ichment  v a l u e s ,  t h e  computer 
was i n s t r u c t e d  t o  c a l c u l a t e  t h e  amount o f  gaseous  oxygen from 
on-board s t o r e s  which would y i e l d  t h e  d e s i r e d  envi ronment  a t  
T=120 seconds .  The t i m e  a t  which en r i chmen t  was i n i t i a t e d  
i s  t h e  independen t  v a r i a b l e .  L i n e s  o f  c o n s t a n t  f l ow r a t e  
are shown t o  i l l u s t r a t e  t h e i r  r e l a t i o n  t o  t h e  en r i chmen t  
p r o c e d u r e .  

F i g u r e  3 makes two s i g n i f i c a n t  p o i n t s .  F i r s t ,  some 
on-pad en r i chmen t  w i l l  be  n e c e s s a r y  i n  o r d e r  t o  meet t h e  
oxygen r e q u i r e m e n t  f o r  a Mode I C  a b o r t  i f  i t  i s  assumed t h a t  
a s u i t  l o o p  f a i l u r e  has o c c u r r e d  which n e c e s s i t a t e s  crew 
exposure  t o  t h e  c a b i n  atmosphere. Secondly ,  t h e r e  i s  a n  
advan tage  t o  b e  g a i n e d  i n  d e l a y i n g  t h e  i n i t i a t i o n  o f  oxygen 
f l o w .  For  a n  80 second d e l a y ,  t h e  s a v i n g s  of  on-board 
oxygen amount t o  i n  excess  o f  5 0 %  when compared t o  t h e  c a s e  
where f low i s  i n i t i a t e d  a t  T=O. The combina t ion  of  some on- 
pad en r i chmen t  and d e l a y  i n  i n i t i a t i n g  oxygen f low w i l l  y i e l d  
a v i a b l e  c a b i n  a tmosphere  f o r  t h e  Mode I C  a b o r t  w i t h o u t  
e x c e e d i n g  t h e  assumed on-board oxygen s t o r a g e  c a p a c i t y .  

C O N C L U S I O N S  

Compared t o  t h e  u s e  of  100% oxygen: l a u n c h  w i t h  a 
two-gas a tmosphere  y i e l d s  a lower  f i r e  h a z a r d  d u r i n g  t h e  f i r s t  
few m i n u t e s  o f  f l i g h t ,  b u t  t h i s  s t r a t e g y  r e q u i r e s  comple te  
r e l i a n c e  on t h e  s p a c e - s u i t  s y s t e m  to p r o v i d e  for t h e  phys io -  
l o g i c a l n e e d s  o f  t h e  crew.  A d d i t i o n a l l y ,  i t  r e q u i r e s  a p o s t -  
l a u n c h  a tmosphere  t r a n s i t i o n  i n v o l v i n g  p o t e n t i a l  p h y s i o l o g i c a l ,  
o p e r a t i o n a l ,  and sys tem p e n a l t i e s .  T h i s  memorandum has 
p r e s e n t e d  a basis f o r  comparing a number o f  a tmosphere  t r a n s i -  
t i o n  p r o c e d u r e s  i n  terms o f  g r o s s  s y s t e m  p e n a l t i e s .  With a 
7 . 4  l b  on-board supp ly  of  r e a d i l y  a v a i l a b l e  g a s e o u s  oxygen, 
a c a b i n  a tmosphere  approach ing  95% oxygen can  on ly  be  a t t a i n e d  
by v e n t i n g  t h e  c a b i n  t o  vacuum and r e p r e s s u r i z i n g  w i t h  p u r e  
oxygen.  

It i s  a l s o  i m p o r t a n t  t o  n o t e  t h a t  a l l  o f  t h e  atmos- 
p h e r e  t r a n s i t i o n  p rocedures  con templa t e  use  o f  t h e  7 . 4  l b .  
s u p p l y  and ,  t h e r e f o r e ,  would compromise t h e  c a p a b i l i t y  f o r  
m a i n t a i n i n g  s u r v i v a l  l e v e l s  o f  a tmosphere  i n  t h e  e v e n t  o f  
m i c r o m e t e r o i d  p u n c t u r e .  The l e n g t h  o f  t i m e  t h a t  t h i s  con- 
d i t i o n  would e x i s t  i s  d i r e c t l y  r e l a t ed  t o  t h e  s p e c i f i c a t i o n  
o f  a des i r ed  c a b i n  environment  a t  a g i v e n  m i s s i o n  t i m e .  
F o r  example,  i t  t akes  something i n  e x c e s s  o f  35 l b s  o f  g a s e o u s  
oxygen t o  go from 95% t o  9 9 . 9 %  O 2  i n  t h e  CM c a b i n  i f  t h e  

oxygen i s  j u s t  b l e d  i n .  Thus, p r o t e c t i o n  a g a i n s t  loss o f  
p r e s s u r e  c o u l d  b e  r e s t o r e d  more t h a n  f o u r  h o u r s  s o o n e r  ( n o t  
t o  ment ion  t h e  s a v i n g s  i n  oxygen) i f  t h e  m i s s i o n  were a l lowed  
t o  p roceed  w i t h  o n l y  95% oxygen i n  t h e  c a b i n .  
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On p u r s u i n g  t h i s  s t r a t e g y  o f  o b t a i n i n g  a lower  
p e r c e n t a g e  o f  oxygen, one e v e n t u a l l y  comes up a g a i n s t  a 
p h y s i o l o g i c a l  l i m i t  f o r  a c c e p t a b l e  pe r fo rmance .  Us ing  63% 
as t h e  mlnimum oxygen p e r c e n t a g e  a t  i n i t i a l  f l i g h t  p r e s s u r e ,  
t h i s  s t u d y  has shown t h a t  some on-pad en r i chmen t  o f  t h e  
c a b i n  a tmosphere  i s  n e c e s s a r y  i n  o r d e r  t o  a t t a i n  t h a t  l e v e l  
i n  a t i m e l y  manner.  Again,  however, t h e  oxygen r e s e r v e  f o r  
u s e  i n  t h e  e v e n t  o f  a mic romete ro id  p u n c t u r e  would b e  a11 
b u t  e x h a u s t e d  u n l e s s  h i g h e r  l e v e l s  of on-pad en r i chmen t  were 
u s e d .  The reader i s  a l s o  c a u t i o n e d  t h a t  t h e  63% oxygen l e v e l  
i s  t h o u g h t  t o  be  i n a d e q u a t e  when p e r s o n n e l  are s u b j e c t e d  t o  
h i g h  a c c e l e r a t i o n  l o a d s .  I f ,  as proposed  i n  t h e  r e f e r e n c e  
of f o o t n o t e  1, a n  oxygen l e v e l  of 95% i s  r e q u i r e d  some 200 
seconds  a f t e r  i n i t i a t i o n  of  a b o r t ,  a n  a b o r t  i n i t i a t e d  a t  
T+120 seconds  would r e q u i r e  a f o u r - f o l d  i n c r e a s e  i n  t h e  
assumed on-board oxygen s t o r a g e  c a R a c i t y .  

2032-LGM-gmp L-. G .  Mi l l e r  
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